Alongside seldom cases of structural or posttraumatic instability, the largest cause of instability is the surgery of de Quervain's disease as reported in the literature. [1] [2] [3] [4] The pathology of primary de Quervain's disease may vary from the absence of synovial hypertrophy to tendinosis. The WHAT (wrist hyperflexion and abduction of the thumb) test as physical examination and ultrasound analysis are useful for the diagnosis.
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A few surgical techniques for tendons subluxation have been described. [6] [7] [8] To reconstruct the tendon pulley, Ramesh
and Britton 6 performed a sling procedure using a U-shaped extensor retinaculum graft and McMahon et al 7 used a brachioradialis tendon flap. Littler et al 8 described the reconstruction technique where only the APL tendon was embedded into the new pulley (consisting of the original retinaculum) to prevent subluxation of the APL tendon. At our institution, we modified the surgical procedure described by Eckhardt and Palmer 9 for the treatment of extensor carpi ulnaris instability at the sixth compartment. In this study, we retrospectively examined 10 patients who underwent the reconstruction procedure of the first compartment for symptomatic instability of the APL and EPB tendons after the primary release of de Quervain's disease. The purpose of this study is to clinically evaluate the outcome of our technique using patient-related questionnaires. The dimensions (length and thickness) of the newly reconstructed pulley were examined by ultrasound simultaneously at a minimum of 2 years follow-up.
Patients and Methods
A total of 12 patients who underwent revision surgery for instability of the EPB and APL tendons after the release of the first compartment for de Quervain's tenovaginitis and were with a minimum follow-up of 2 years was found between 2000 and 2013. Ten patients underwent modified Eckhardt procedure done by the same consultant surgeon, and the other two patients underwent the sling procedure by a different surgeon. The latter were, therefore, excluded from the present study. Six of the 10 patients were referrals from other institutions. Patients were invited to a clinical examination which is detailed in the text below, an ultrasound investigation and had to fill out a questionnaire to assess their actual functional status at the minimum of 2 years after the reconstruction surgeries. With this self-designed scoring system, we could obtain an overall clinical score calculated out of 10. An ultrasound of the newly constructed pulley was performed by an experienced radiologist. He assessed the presence of synovitis, the thickness, and length of the extensor retinaculum graft and a dynamic ultrasound analysis was done to determine the extent of volar migration of EPB and APL tendons from the radial styloid in the sagittal plane performing the WHAT test maneuver. The same ultrasound assessment was consequently done on the contralateral normal side as a control using the same anatomical landmarks as a reference.
Each patient had to fill out the visual analog scale (VAS), the Disabilities of the Arm, Shoulder and Hand Score (Quick-DASH), the patient-rated wrist evaluation (PRWE), and the Michigan Hand Outcomes Questionnaire (MHOQ).
The MHOQ is the only score where the maximum score is a minimum disability. To have a correct functional global assessment with the obtained VAS, QuickDASH, and PRWE score, a total questionnaire score was calculated out of 10 by counting the arithmetic mean of each subtotal (VAS, PRWE, and QuickDASH were first converted to the interpretation of the MHOQ, because maximum score in these three scoring systems is maximum disability, wherein the MHOQ maximum score is minimal disability). As an example, patient 1:
Outcome data were collected and statistically analyzed. Correlation testing was done with the Wilcoxon rank sum test. An overview of total functional outcome is given by comparing results of clinical and questionnaire scores and ultrasound findings.
Surgical Technique
A transverse incision of approximately 3 cm is made over the radial side of the wrist at the level of the radial styloid on first extensor compartment. Care is taken for the superficial branches of the radial nerve. A second transverse incision is made on the dorsal side of the wrist at the level of zone seven (extensor retinaculum). Subsequently, the extensor retinaculum is harvested to obtain a central graft of approximately 0.8 cm by 2 cm. The first fixation of the graft is made with an absorbable anchor (1.6 Â 2.7 mm) on the volar edge of the APL and EPB tendon (MiniLok, Depuy-Synthes, Raynham, MA). The second anchor is placed dorsally, where the original second septal attachment was situated. Anchor positioning with final graft fixation is done in such a manner that subluxation is inhibited. The bone is revitalized and predrilled with a 1.3 mm drill bit before inserting anchors. To avoid overtightening the new pulley, dissection scissors are inserted into the first compartment not to overtighten the new pulley while tightening the knots. Finally, excursion of the APL and EPB tendons is tested in the wrist hyperflexion and the thumb in abduction (WHAT test). The patient is immobilized for 2 weeks with a removable forearm-thumb splint: instructions are given the day after the surgery to the patient to remove the splint from that moment every 2 hours to mobilize the tendons of the first extensor compartment during that period. Power grip and personal hygiene necessitating forceful flexion of the wrist is not allowed the first 3 months after the surgery. Steps are shown in ►Figs. 1-4. 
Results
Four patients obtained good functional outcome with moderate clinical scores (mean: 6.0/10) and high scores on the questionnaires (mean: 8.3/10). There were no signs of synovitis on the ultrasound evaluation. Two patients had a minor residual migration of the tendons (1.4 and 3.6 mm, respectively) on ultrasound. There were no preexisting concomitant pathologies or postoperative complications in this group. These patients only applied for the presented reconstruction procedure on the first compartment.
Six patients had a poor functional outcome with low clinical scores (mean: 2.3/10) and low questionnaire scores (mean: 3.8/10). Two of them presented with signs of synovitis on the ultrasound examination. Four of them showed the minor residual migration of the tendons (1.1, 1.3, 1.7, and 2.0 mm, respectively). Three of them required one or multiple revision surgeries on the newly reconstructed pulley. One patient required tenolysis because of fibrosing stenosis. One patient required a release because of synovitis followed by a second revision procedure using the extensor retinaculum from the contralateral side. One patient had recurrent instability, therefore, a sling procedure was performed after this first revision instability remained, a revision then was performed with the extensor retinaculum of the contralateral side, a third revision was needed because of painful reaction on suture material, an open debridement with neurolysis was performed.
Three patients had already undergone multiple surgeries, such as tenolysis, before the construction of the pulley.
One patient had Ehlers-Danlos syndrome. One patient developed complex regional pain syndrome type 1 postoperatively. Two patients showed minor signs of rhizarthrosis on radiographs. There were no consistent findings between the clinical outcomes and questionnaire scores (►Table 1) and the presence of residual volar migration of the tendons (►Table 2). Patients without volar migration of the tendons did slightly better than those with the persistent residual migration of the EPB and APL tendons (►Table 3), although statistically not significant.
Patients who had a primary reconstruction of the pulley seemed to have better clinical and questionnaire scores, however, the results were not statistically significant.
The newly reconstructed pulley on the ultrasound evaluation showed the thickness of the reconstructed pulley was significantly thicker (mean þ 0.5 mm) compared with the contralateral, normal side. The average length of the obtained extensor retinaculum graft is significantly smaller (mean: 3.7 mm) than the length of the first extensor lodge of the contralateral, normal side. Results are shown in ►Figs. 5 and 6.
Discussion
Some have proposed a primary reconstruction of the pulley of the first extensor compartment to avoid the subluxation of the EPB and APL tendons after the primary surgery of de Quervain's disease. [12] [13] [14] [15] [16] Instability of the tendons of the first extensor compartment is more likely to occur following the simple release of the pulley of the first extensor compartment in early stages of the disease because the pulley is thinner. Chronic cases of de Quervain may have thickening of the pulley/retinaculum of the first extensor compartment up to more than 2 mm (measured by ultrasound). This may be a reason why the chronic case did not cause instability of the tendons.
In the present study, we obtained excellent-to-good clinical outcome with the reconstruction of the pulley using the extensor retinacular flap for instability of the EPB and APL tendons after the primary release of the first extensor compartment in de Quervain's disease when there was no complication or without underlying systemic diseases. This emphasized the importance of a qualitative stabilization method for the first compartment that restores the stability of the tendons within the compartment. The reconstructed pulley was found thicker than the contralateral healthy pulley in ultrasound analysis. Harvesting the retinaculum more proximally may help to equalize the thickness of the reconstructed pulley since the extensor retinaculum has a fusiform appearance.
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In the modified Eckhardt procedure for the first compartment, 60% (6 out of 10 patients) of our patients had a poor functional outcome in the present study. Possibly this is due to the increased scarification and complication rate when more than two surgeries (primary release of the first compartment and reconstruction of the pulley) are done on the same site. Two patients who had a poor outcome, despite being operated only two times, one had synovitis, and mild trapeziometacarpal joint arthritis. The other patient had postoperative complex regional pain syndrome. This can explain why they have insufficient clinical-and questionnaire outcomes compared with the other patients who had satisfactory results after reconstruction of the pulley by retinacular graft (►Table 1).
We can differentiate two subgroups: those with a goodto-excellent outcome (!7.9/10) and those with a poor, inadequate outcome ( 4.5/10). There was no patient with an intermediate score. Young active women in our study may have high expectations of treatment outcome.
Study limitations in our case series are the monocentric model, the small sample size, and a large amount of variables. No intra-and interrater reliability analysis of the ultrasound assessment preoperatively was done.
In conclusion, the reconstruction procedures on the first compartment seemed to be satisfactory in treating instability of the EPB and APL tendons after primary surgical release for de Quervain's disease. The multiple reconstruction surgeries do not warrant good-to-excellent results. 
